The diet of two sympatric owl species, the long-eared owl (Asio otus) and the little owl (Athene noctua) was investigated in an arid area of southern Mongolia using pellet analysis. In total 334 pellets of long-eared owl and 52 pellets of little owl were analysed, revealing the presence of five small mammal species (Dipodidae, three Muridae and one Soricidae), small birds and invertebrate fragments. Accumulative composition plots indicated a batch size of 35 -60 pellets was sufficient to reveal representative diet composition. Small mammals comprised the largest component of the diet of longeared owls with four species recorded, Phodopus was the most frequently occurring (85 %), followed by Meriones (33 %). Bird and invertebrate remains were also found in long-eared owl pellets but comprised less than 2 %. In contrast, invertebrates were the highest occurring component of the diet of little owls (35 %), with small mammals occurring in only 40 % of pellets. Meriones was the most frequently recorded small mammal in little owl pellets (23 %) and contributed the greatest in terms of overall rodent biomass. There was a highly statistically significant difference in the diet of the two species (÷ 2 = 2043, d.f. = 4, P < 0.001). Levin's measure of niche breadth was greater for little owls (0.71) than long-eared owls (0.51), but overall the two species had low niche overlap using Levin's index (0.22). These results are discussed in relation to previous findings of these two species.
Introduction
The competitive exclusion principle states that two species with identical requirements cannot coexist in the same place, at the same time (Gause, 1934) . Competition will occur between species that overlap in their resource requirements. One mechanism of species coexistence is differences in feeding ecology, such as predatory behaviour and/ or dietary separation (Capizzi et al., 1998; Csermely et al., 2002) . A species dietary range can be expressed in terms of niche width, and evidence of competition and/or diet separation can be investigated by examining the niche overlap between two species (Levins, 1968) .
Twelve species of owl (Strigiformes) have been recorded in Mongolia (Fomin & Bold, 1991) , however they have not been subject to intensive studies and little is known about their ecological requirements such as diet (Batdelger, 1994 (Batdelger, , 2001 ). The long-eared owl (Asio otus) and little owl (Athene noctua) are two sympatric species found in Mongolia, which can coexist in a range of habitat types (e.g. Navarro et al., 2003; Martinez & Zuberogoitia, 2004) . Previous investigations into the trophic niche of these species have indicated that the dietary niche overlap between these two species is intermediate, between 30 -60% (Navarro et al., 2003) . The long-eared owl is a widely distributed medium sized owl, found throughout central Asia, Europe, North Africa and North America. It inhabits a wide range of habitat types, from woodlands (e.g. Tome et al., 2004) to deserts (Brown, 1995) . It is known to require a mosaic of wooded and open habitats, for roosting and hunting respectively (Klippel & Parmalee, 1982) . In Europe the long-eared owl has been described as a restricted feeder specializing on mammals, which can make up to 80 -98% of its diet (Marti, 1976; Cecere & Vicini, 2000) . However, studies have also demonstrated a wider range of prey items, including small birds and bats (Speakman, 1991; Cecere & Vicini, 2000; Navarro et al., 2001) . The study of Bertolino et al. (2001) in Italy described it as being "an adaptable predator that expands its food niche in the presence of diversified prey". In the North American deserts the long-eared owl was described as an opportunistic forager, feeding on a wide range of mammal species including rabbits (Sylvilagu sp.) and hares (Lepus sp.) (Craig et al., 1984) .
The little owl, the smaller of the two species, also inhabits a wide range of environments from open habitats, such as steppe (Navarro et al., 2003) , to rocky areas and desert (Obuch & Kristin, 2004) . However, in contrast to long-eared owls this species strongly avoids wooded areas and prefers open grassland for foraging (Kitowski & Kisiel, 2003) . It has been shown to be largely insectivorous, with over 50% of the diet being comprised of invertebrates in northern Italy (Gotta & Pigozzi, 1997) . However in terms of biomass, the diet is dominated by small mammals (Capizzi & Luiselli, 1996; Goutner & Alivizatos, 2003) and it will also take small birds (Obuch & Kristin, 2004 ). Several authors have described its diet as opportunistic, reflecting temporal variations in prey availability (Goutner & Alivizatos, 2003) .
The aims of this study were to i) assess the summer diet of two desert-living owl species, ii) investigate dietary width and overlap between the two species to assess competitive pressure and coexistence mechanisms and iii) compare these findings with previous studies to investigate the impacts of locality on the diet composition.
Materials and Methods
The study was conducted between June and July 2004 in the arid Little Gobi Strictly Protected Area 'A', in southern Mongolia. Climate in this area is continental with winter temperatures dropping to -10ºC, and summer temperatures up to 40ºC. Annual rainfall is less than 50 mm, and mainly falls between July and August. Habitat types in the area include rocky outcrops, sparsely vegetated gravel plains and meandering wadis dominated by Tamarix sp. and Haloxylon ammodendri.
Four batches of pellets were collected from roosting sites of each species within a 3 km zone surrounding N 42º 11' 30" and E 105º 20' 40". From the four individual long-eared owl roosts, 124, 100, 71 and 39 pellets were collected, and from the little owl roosts, batches of 8, 9, 13 and 22 pellets were collected. Pellets were analysed separately, using only complete pellets, with prey species being identified using the skull and/or dentaries. The total number of individual prey items in the pellet was determined using the total number of dentaries or skulls, whichever was greater (Yalden & Morris, 1990) . Pellets with skulls present that could not be identified due to extensive damage or partial recovery were excluded from the analysis. Prey items were categorised into small mammals, birds or invertebrates. Species were identified to genus where possible by comparing skulls to a museum reference collection.
To confirm small mammal species present in the area, opportunistic live trapping was undertaken using Sherman traps (23cm x 9cm x 7.5cm). For the bipedal Dipodidae, hand capture with butterfly nets was undertaken whilst spotlighting at night (Scott & Dunstone, 2000) . These surveys were undertaken in representative habitats in parallel with the pellet collection. To determine the number of pellets required from a single roost site to assess the representative diet composition, accumulative average composition of pellets was plotted against increasing pellet sample size for each species. The point at which the graph stabilises and levels out is considered an appropriate sample size. The importance of each rodent species in the diet, in terms of biomass, was calculated using average body weight determined from live trapping; Meriones = 60g, Dipus = 80g, Cricetulus = 45g and Phodopus = 15g. Species biomass was multiplied by the number of individuals found within each pellet. Overall biomass contribution per rodent species was then summed for all pellets and expressed as a percentage. Niche was determined by calculating Levin's measures of niche breadth for each species and Levin's index of niche overlap between the two species based on percentage frequency occurrence data (Waite, 2000) . A chi-squared test was applied to test the difference in diet composition between the two owl species.
Results
All roost sites for long-eared owls were in trees close to, or on the edge of, a riverbed. Roost sites appeared to be extensively used, with numerous pellets (over 400 pellets were found at one roosting site). Little owl roosting sites were more difficult to locate, usually amongst rocky outcrops with relatively fewer pellets found per site. A total of 334 pellets were analysed for long-eared owls and 52 pellets for little owls. Prey items found within the diet were Dipodidae (Dipus sagitta), three species of Muridae (Cricetulus migratorius, niche breadth than long-eared owls (0.70 as opposed to 0.51), but overall the two species had a low level of niche overlap using Levin's index (0.22).
Discussion and Conclusion
Our study showed little owls to have a greater niche breadth than long-eared owls. This difference was predominately due to the specialisation of longeared owls on a few species of small mammal, in contrast to the little owl which used a wider range of items more evenly. Long-eared owls are known to demonstrate selectivity of higher-ranking small mammal prey (Craig et al., 1985; Tome, 2003) . Previous studies have also reported a wide dietary niche width for little owls and high prey diversity due to its common utilisation of invertebrate prey items as well as small mammals (Navarro et al., 2003; Goutner & Alivizatos, 2003) . Solifugae have also been found in the diet of little owls inhabiting desert regions (Obuch & Kristin, 2004) however, contrary to other desert studies no Lacertidae were recovered from pellets in our study. We did find invertebrates in the long-eared owl diet but at very low occurrence. Little owls have been reported in some areas to be largely insectivorous (Obuch & Kristin, 2004) , with over 50 % of their diet being comprised of invertebrates in northern Italy (Gotta & Pigozzi, 1997) . In our study invertebrates occurred in 35% of pellets. However in terms of biomass, the diet is dominant by small mammals (Capizzi & Luiselli, 1996; Goutner & Alivizatos, 2003) . In our study no biomass data were derived for birds, invertebrates or Soricidae, therefore the importance of these prey items in the diet may be under or over estimated based on frequency occurrence data alone. When looking at our relative biomass of the rodent species, it is evident that Meriones is an important prey item for both little owls and long-eared owls. However, Dipus was found more frequently in the diet of little owls than long-eared owls and the inverse was true for Phodopus. The two species evidently utilise the available rodent prey base to different extents. Little owls have previously been reported to take Meriones, Cricetulus and Dipodidae in middleeastern and Asian deserts (Obuch & Kristin, 2004) .
Marks & Yensen's study in 1980 found that most of the prey of long-eared owls weighed between 10 and 60 g and that prey over 100 g was less important in their diet. The mean weight of small mammals ingested in this study was not similar to previous findings. Due to their smaller body mass, little owls were expected to take smaller prey items than long-eared owls. In northern Italy, Gotta & Pigozzi, (1997) found the average prey weight for little owls to be 22.3 g. In our study the average prey weight was 56 g, compared to 25 g for longeared owls. These data may reflect the relative abundance of prey in different habitat types; for example, low levels of Cricetulus recorded in the diet may reflect this species relative abundance and/ or its susceptibility to predation. However, these findings need further investigation.
From this and other studies it appears that habitat preferences, feeding behaviour and dietary separation are potential mechanisms for coexistence of these two sympatric species. Habitat selection of roosting sites was evident, with longeared owls preferring wooded areas whereas little owls preferred rocky outcrops, similar to the findings of Martinez & Zuberorgoitia (2004) . Dietary partitioning was evident in this study from low niche overlap (0.22), which has also been shown in phylogenetically related owl species (Capizzi & Luiselli, 1996) . Sympatric owls also display species-specific specialisations in feeding and hunting behaviour techniques (Csermely et al., 2002) .
Both owl species have been reported as opportunistic or adaptable predators (Bertolino et al., 2001; Goutner & Alivizatos, 2003) , with seasonal differences occurring in their diet in relation to physiological requirements and prey availability (Alivizatos & Goutner, 1999; Tome, 1997 Tome, , 2003 . Long-eared owls have been shown to take more birds during the breeding season, which is reflected in their seasonal niche breadth (Bertolino et al., 2001) . Additionally, it is evident from the range of studies that diet also varies spatially. The distribution and diet of little owls can be affected by the surrounding landscape mosaic (Ferrus et al., 2002) . Our study was only undertaken in one season, in one year and over a restricted area, therefore it only provides a snapshot of the diet of the two owl species studied. Further seasonal samples over a wider area would be needed to provide a more accurate picture of dietary composition and ecological requirements.
Our preliminary analysis suggested that the sample size was sufficient to give an indication of diet composition. Limited numbers of roosting sites and pellets from the little owl did not allow for investigations into individual differences in diet.
It is suggested from the number of individual owls sighted within the study area and the number of pellets recovered from roost sites that an individual little owl may have exclusive use of a roost site, whereas the long-eared owl roosts may be used communally (Holt, 1997) . As no reference collection of skulls was collected from the site, skull remains were identified by comparison with museum specimens from other areas. No museum sample was available for Phodopus; therefore this was identified using available literature (Allen, 1940 ). All species identification should be confirmed by comparisons with local specimens.
